M. Rain-On-Snow

The Rain-On-Snow guidance memo specifically explains the procedures to be followed
when applying the rain-on-snow rule (WAC 222-22-100(2)) and some of the science
behind peak flows and rain-on-snow events. Both the rain-on-snow rule guidance memo
and rule are incorporated into the Forest Practices Habitat Conservation Plan.
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Impiementation of Rain-on-snow: WAC 222-16-046 (7)

The department has the responsibility to implement rules adopted by the Forest
Practices Board. The recent rule regarding rain-on-snow and clearcut size
directed the department to implement a new type of rule. This rule required
the use of a new approach in the regulation of forest resources. The rule
obligates the department to take a broader lock at the landscape.and depavt-
from the reliance on regulations that only apply to the circumstances of a
single application.

The department is committed to an "adaptive implementation" approach. I feel
that our implementation strategy is sound. However, due to the complexities
of the current rules that interact with existing harvest patterns and resource
conditions, there may be unintended consequences.

I firmly believe that we need to give this approach an operational test, learn
more by doing and make adjustments as necessary. With your cooperation,
implementation will be successful and consistent with the overall policy
objectives of RCW 76.09. .

Beginning on October 1, 1991 the department . will implement WAC 222-16-046 (7)
as outlined below. o2 ’IUL)CEL)

RAIN ON SNOW: WAC 222-»5~046¢F)
OVERVIEW

Using emergency rules, the Forest Practices Board directed the department to
"condition the size of clearcut-harvest applications in the significant rain-
on-snow zones". *Using "local evidence" to verify that peak flows "have
resulted in material damage to public resources", the department has developed
conditioning strategies based on reducing but not eliminating the potential
for increased risk to public resources. Such an approach is seen as
consistent -with the provisions of RCW 76.09.010.

Equal Opportunity/Affirmative Action Employer
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The approach is based on the understanding of how streamflows can be
increased' by timber harvest in the significant rain-on-snow zones. Operating
on the assumption that moving more water more frequently through a stream is
damaging, the size of clearcuts would be conditioned to reduce the risk to
public resources. Alternative harvest practices, such as strip cutting or
partial cutting, are permitted with restrictions. The restrictions are
designed to retain harvest options while moderating hydrologic impacts and
attendant risks to public resources. '

BASIC PRINCIPLES

Snow retention is modified by the nature of the forest canopy. Removal of the
forest’s canopy increases snow accumulation. The canopy also has a major
influence on the rate of snow melt which is strongly controlled by energy
movement into the snowpack. When the forest is immature or recently
harvested, wind and rain can more rapidly move energy into the snowpack,
substantially accelerating the rate of melt.

It is the combination of young forests (i.e. hydrolegically immature),
increased snow accumulation, and potential rapid rates of melt, that can
increase the severity of storm effects. Channels unaccustomed to elevated
storm intensities and frequencies can be degraded, producing material damage

to public resources.

The conditioning strategies are based.on the idea that there is not a
likelihood that damage may be associated with rain-on-snow events uniess
certain conditions exist. There must be a reasonable amount of the basin in
the significant rain-on-snow (ROS) zones and there must be enough of the basin
that is hydrologically immature (HI). Thus, there are relationships between
the proportion HI and proportion in the ROS zones and the potential increase
in water available for runoff. These relationships are used to define Risk
Classes ( A,B or C: see Attachments 1,2, or 3) ‘that set general limits on the
use of conditioning on an individual application.

Due to regional climatic differences within Washington, the department has
divided the state into three response zones. They are west of the Riparian
Management Zone line (“western" Washington), east Cascades and Okanogan
Highlands, and Pend Oreille and Blue Mountains. For each graph, two lines
were developed that define the 1imits of Risk Classes A, B or C. Basins below
the first line are in Risk Class A; basins between the two lines are in Risk
Class B; basins above the second line are in Risk Class C. Risk classes
directly relate to the likelihood of material damage to a public resource
which is associated with peak flows.. As such, the risk classes are used to
set general limits on conditioning clearcut size. Please refer to

CONDITIONING STRATEGIES.

! please see Appendix One, Technical Backaround, for an cxplanation of
the scientific rationale that underpins this regulatory approach.
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Before any conditions are applied to an application, all the following
circumstances must occur:

1.7 The application must be in a significant ROS zone.

2. There are preliminary indications of "local evidence of peak flows
which have resulted in material damage to public resources*.

3. There are significant amounts of hydrologic immaturity in the basin.

4. An Interdisciplinary Team (IDT) has reviewed the previous three
points and has provided recommendations to the department.

5. The department develops conditions that reflect the on-the-ground
facts and recommendations of the IDT.

The lower lines on Attachments One, Two and Three define where, under modeled
storm conditions, there can be an one-inch increase of water available for
runoff. This is in addition to whatever direct precipitation may have
occurred during the 24-hour storm event. (A1l caiculations are based on 24-
hour storm data.) The increment is due to the impact of accelerated melt of
an increased snowpack in hydrologically immature areas. “The net result is
that a 10-year storm now approximates a 50-year storm.

The line in the upper right corner of the graphs corresponds to a two-inch
increase of water available for runoff. This increment of water magnifies 10-
year storm into a 100-year storm. So the stream now "feels" as if there has
been a 100-year storm when precipitation onto hydrologically mature forested
areas approximate a 10-year storm.

The approach is based on Type 3 streams. These are small enough to
geographically focus attention on material damage to public resources ; they
are closest to the possible site(s) that may have influenced storm
intensities. Trying to assess impacis cn larger streams is much mere
difficult, particularly if the objective is to geographically isolate probable
areas of concern. The intent is to determine damage at the lower reaches of
Type 3 streams®. It is in the lower reaches of T-3 streams that the
contribution of ROS impacts can be most reasonably detected.

2 The routine focus will be on the lower reaches of T-3 streams.
However, based on the site-specific facts, upper reaches of T-3 can be
reviewed when appropriate. Likewise, for T-4 or T-5 streams where -
sediment/debris avalanches couid reach type 1,2, or 3 and have pronduced
material damage to public resources, WAC 222-16-046 (7) may be applied.
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Calculations of .HI will be.done on the portions of the T-3 basin that are in
the significant ROS zones (i.e., the peak rain-on-snow and the snow-dominated
precipitation zones). Please see Attachment Four. Unless site-specific
factors dictate otherwise, HI is assumed to end at 25 years<(total) age for
areas west of the RMZ line and 35 years (total) for all other locations. For
purposes of the calculation of HI, a pending or approved application should be
treated as if it was completed. -

CONDITIONING STRATEGIES

The conditioning strategies for ROS employ the concept that any given
applications are controlled by maximum’ permitted clearcut size, dependent on
the particular risk class. Subject to the site-specific conditions, such as
slope, aspect, nature of damage and age-class distribution, an application
could have clearcut harvest size reduced below the maximum.

OPERATIONS WITHIN RISK CLASS A

Routinely,:no-additional clearcut harvest restrictions for ROS would be
applied. Any ROS conditioning within Risk Class A would be on an
exception basis, and done after a review of the site-specific facts after
consultation with the Forest Practices Division. Existing rules and
BMP’s would guide routine conditioning.

OPERATIONS WITHIN RISK CLASS B

JIndividual clearcuts would be limited to 80 acres.#:Alternatives to
sclearcutting would be considered’. Multiple 80 acre operations are being
envisioned as being acceptable, dependent upon the facts within the sub-

basin. :

3 The maximum sizes or alternatives tc clearcuts will generally control
the conditioning actually applied. Exceptions to the conditioning strategies
will be approved on an individual basis after consultation with the Forest

Practices Division.

* Each application would be evaluated in the light of the sub-basin
"facts". Size could be reduced. Eventually, as applications accumulate, the
sub-basin could move into Risk Class C where more stringent conditioning would

be applied.

5 Strip-cutting up to 35% of the remaining acres of mature timber would
be considered as another type of maximum. -Partial-cutting up to 45% of the
remaining velume of the hydrologically mature timber would be considered as
another type of maximum. Clearcut harvest may be reduced velow either of
these maxima dependent upon sub-basin conditions.
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OPERATIONS WITHIN RISK CLASS C

Clearcutting within areas of Risk Class C would be substant1a1]y

“restricted. *Clearcut size is reduced to zero until there is a change in

the state of hydrologic maturity, i.e., the portion of older stands

increases to move the sub-basin into risk Class B or Risk Class A. e o

"‘Alternatives to clearcutting would be considered®. LomETELY Z;

H

INDICATORS OF MATERIAL DAMAGE TO PUBLIC RESOURCES

The method recommended by DNR for evaluating the existence of material damage
to stream channels is the “"Stream Channel Stability Evaluation Form" from USFS
Hydrologist Dale Pfankuck’s work in the 1970’s. The form arrays indicators of
upper bank, lower bank, and channel bottom condition across four condition
levels(Appendix 2). This is an 1nter1m channel evaluation method, and may be
augmented or changed later.

HOW THE RULE WILL BE APPLIED

No cond1t1on1ng under this rule should be applied until several steps have .~
occurred. As in other circumstances, compliance with all rules, part1cu1ar1y ’2 %
road maintenance and abandonment, should be reviewed. Subsequently, there are
five key events.

1. The application must be in a significant ROS zone

The department has mapped the five major precipitation zones
(Attachment Four). For the purposes of this rule, the snow dominated
and the rain on snow precipitation zones are considered significant.
Attachment One explains their derivation. The department’s
Geographical Information System (GIS) has the base data and maps can
be produced on an as needed basis. Additional information on storm
intensities and precipitation are also available on the GIS.

(:ji> Generaily, in western Washington, the significant rain 2 snow zones

starts near®1,600-1,800 feet and extends to approximately*4,000
elevation. These numbers are only for the purposes of illustration.
Please use the actual GIS data/maps are the numbers vary dependent on
regional climatic differences, aspect, and other factors.

Upon receipt of an application, the department will make an initial
determination that the proposed operation is in the significant rain

 Strip-cutting up to 20% of the remaining acres of mature timber would
be considered as another type of maximum. :Partial-cutting up to 30% of the
remaining volume of the mature timber wold be considered as another type of
maximum. Dependent upon the nature and exiznt of material damage to public
resources, these percentages could be reduced.



RAIN ON SNOW IMPLEMENTATION
September 26, 1991
6 OF 7

on snow zone. This will be noted on the application. The
application is mailed for comment.

2. There are preliminary indications of "local evidence of peak flows
which have resulted in material damage .to public resources”

EE FPA recipients are asked for a timely review. If there is no timely’
%{{Mponse or the response is that there are no indications of damage,
- = hen the application will be processed as any other application. If
there are responses that there is "damage", the department will move

to step three”.

#3. There are significant amounts of hydrologic immaturity in the basin.

The department will ask the 1andowner to provide information
regarding stand age in a sub-basin’. - Age-class data is needed only
for that portion within the s1gn1f1cant rain on snow zones. Only
very broad stand age data is necessary. For west of the RMZ line,
acres of stands with (total) age 25 years or less is needed. Ffor

other locations, the age is 35 years or less.

@ “If the sub-basin is not totally under the ownership of the applicant,
-then the department will use photos or sources to determine the
extent of hydrological immaturity.

Depending on location, Attachment One, Two or Three is used to assess
Risk Class. Using the percent of the sub-basin that is in the snow
dominated and rain on snow precipitation zones and the percent of HI
within the these two zones, the graph is used to "calculate" Risk
Class. If the application is Risk Class A, the application would not
generally be subject to this rule; other rules, BMP’s or conditioning
for other purposes would still apply.

" FPA recipients will be asked for their responses within ten busiress .
days from the date of transmittal. WAC 222-20-020 imposes time limits that -
require a timely response since the the remaining steps are constrained by
this rule. Consideration of late responses will be on a case-by-case basis

only.

8 Assessment of "local evidence of peak flows which have resulted in
material damage to public resources" is a key step. Initially the department

will use the approach outlined in Appendix 2@s a guideline for DNR decisions.
Responding parties are encouraged to understgﬁd\ang\usg*ﬁfpend1x 2 as a basis
A g

for assertions of material damage. damge

9 Generaliy, the calculations and assessments will be on a Type 3 stream
map; also, see footnote 2. The water type maps will initially be the base
for determining T-3 sub-basins.
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If the proposed application is in Risk Class B or C, continue to step
4.

4. An Interdisciplinary Team (IDT) has reviewed the previous three
points and has provided recommendations to the department.

The department will convene an IDT to site-specifically assess the
facts. If the department agrees will the IDT’s assessment that the

(:j?) first three steps have been correctly taken, then the IDT will be
asked for conditioning recommendations. The following should be
considered during the IDT process:

nature and extent of peak flow damage

age-class patterns within the sub-basin

slope and channel stability factors

resources at risk

size and extent of previous harvests

limitations of alternative silvicultural systems

* % ok % o ¥

The previous considerations are not intended to be an exclusive
list. The department will consider any appropriate factors
during the development of the sub-basin, basin or site-specific
conditions. :

<Zj> 5. The department develops conditions that reflect the on-the-ground
facts and recommendations of the IDT.

The department conditions the application consistent with RCW 76.09.
The content of any conditions is the statutory responsibility of the
department.

attachments
appendices

c: Forest Practices Board
Art Stearns, Supervisor
Laura Eckert, Deputy Supervisor
Ted Price, Deputy Supervisor
Pat McElroy, Deputy Supervisor
Forest Practices Board Liaisons
Bill Jacobs, WFPA
Jim Anderson, NWIFC
David Bricklin, WEC



West of RMZ Line: Risk Classes

Attachment Cne: Conditioning Strategies, Rain-on-Snow
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Attachment A September 26, 1991

RAIN-ON—-SNOW:
WHAT IT IS, WHERE IT OCCURS, WHY WE ARE CONCERNED ABOUT IT,
AND WHAT IS5 TO BE DONE ABOUT IT

Introduction

Many individuals and organizations involved with forest
practices have become aware of the problem of rain-on-snow (R/S)
storms. Within the framework of Washington forestry regulations,
the issue is currently being addressed through an interim rule,
while the technical arm of the Timber/ Fish/Wildlife cooperators
designs methods of watershed analysis to deal with the long-term
and cumulative effects of forestry on peak flows and flooding
(among other things). Members of the public have also become
interested, because of concern over the use of public forests and
because the off-site effects of forest practices can extend into
populated areas.

Many people are currently trylng to design a technical and
policy structure to address various forest-hydrologic issues, in-
cluding that surrounding rain-on-snow events. The solutions will
involve an amalgamation of applied hydrology, silviculture, re-
mote sensing, computer modeling, geomorphology, etc. into a set
of procedural, technical, regulatory, and ameliorative strategies
that will be adjusted as we learn more (adaptive management) .

In this paper we explain the nature of rain-on-snow events;
examine the reasons that they are the subject of such attention
with respect to forest-practices planning and regulation; and de-
scribe the technical basis of the procedures designed to imple-
ment the interim rule.

R/S: Processes, Occurrence, and Geography

The term rain-on-snow is commonly applied to snowmelt that
occurs during cloudy weather, typically associated with winter
storms bringing warm winds and heavy rains. Such conditions also
affect the snowpack in between the storms, so in common usage R/S
involves both the snowmelt during an event and to the accumula-
tion that preceded it. Because the input to soils and streams
during R/S events consists of the storm precipitation plus the
release of water stored as snow, the intensity of water inputs
can exceed those expected on the basis of the storm’s recurrence
interval (if the water has time to pass through the snowpack).




In the Pacific Northwest, this phenomenon is responsible for many
(east side) to most (west side) of the greatest episodes of
flooding and landsliding. Thus, anxiety over R/S focuses on the
possibility of receiving more water than has been expected,
predicted, or designed for; the effects on rapid runoff and Slope
stability; and consequent injury and damage to resources and
property.

During rain-on-snow conditions, the major source of energy
for snowmelt is the wind-aided transfer of sensible and latent
heat to the snow surface.! Long-wave.radiation emitted by
trees, clouds, and other parts of the forest environment also
contributes to snowmelt during R/S conditions. Heat added to the
snowpack by the rain itself can be a major energy source, partic-
ularly when rainfall is heavy and air (thus rain) temperatures
are high. Short-wave radiation (sunlight) is a minor contributor
under R/S conditions, in which short winter daylight periods, low
sun angles, and cloudy weather restrict insolation; this is in
contrast to clear-weather snowmelt, in which sunlight is the
chief source of energy for melting. ’

In Washington, rain—-on-snow can cccur anywhere, from sea
level to the alpine zone. The location, timing, and frequency of
R/S events are ultimately controlled by the large-scale weather
patterns affecting the Pacific Ocean and western North America,
as modified by the terrain of the Pacific Northwest. Therefore,
the specific conditions causing such events, and hydrometeoro-—
logic behavior during them, vary somewhat in different kinds of
storms, in western versus eastern Washington, and with elevation.

Winter storms can hit Washington from September to June, but
are most frequent and intense from late November to early Febru-
ary. Many North Pacific cyclonic storms are associated with air
flow from the southwest; in some cases, strong flow from the
vicinity of Hawaii (the "pineapple express") causes warm, moist
air to approach the coastal and Cascade ranges almost péerpendicu-
larly, causing rapid air rise, cooling, and condensation. The
result is warm temperatures, strong winds, and heavy rains (oro-
graphically enhanced precipitation). If there is snow on the
ground (as is likely, at least in the mountains), these situa-
tions are ideal for melt, and produce the most significant R/S

events. But since most winter storms are accompanied by tempera-

! Sensible heat is the warmth that can be felt, as in a home’s forced-air
heating system; the latent heat of vaporization is relezsed when water vapor

condenses on the snow surface.
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tures above seasonal normals, lesser amounts of snowmelt can
occur even under moderate storm conditions.

The degree to which a particular storm causes rain-on-snow
at a particular place depends on:

1) the amount of rain delivered by the storm at the site;
2) the presence and state (depth, water content, permeabi-
lity, etc.) of snow on the ground; and
3) whether the freezing level rises above the site eleva-
tion for enough time that a significant amount of snow can
be melted.
Thus, R/S-event input is greatest when and where the combination
of rainfall, melt-inducing heat sources, and meltable snow is
most favorable. The effect is maximal under the storm track, on
the windward sides of mountains, where/when temperatures are
highest, and where the snowpack contains exactly as much water as
can be released during the event. It is reduced where rainfall
is less (i.e. away from the area of peak magnitude and intensity,
and on leeward slopes), temperatures are cooler (at higher eleva-
tions), and the snowpack is either too thin to yield much water
(lower elevations), or so thick that it inhibits the liquid water
(R+SM) from reaching the soil quickly (higher elevations).

Therefore, the occurrence of rain-on—snow is a probabilistic
phenomenon: it is the result of the interaction of many factors,
each of which varies geographically and in time.  However, be-
cause each of these factors has an average or most-probable con-
dition, we can make some general statements about the likelihood
and magnitude of R/S events.

Broadly speaking, the highest probability of rain-on-snow
occurrence is associated with winter storms, peaking in November
to February (thinner snowpacks are most vulnerable to melting
earlier in this period). Because there tends to be more rain and
more snow accumulation on the windward sides of mountains, the
west— to southwest-facing slopes of the Cascades and Olympics
generally experience the greatest R/S events. They are most
likely in a range of middle elevations, where rain and snow are
both common, and the freezing level fluctuates 1,000 ft or more
over a series of storms. Termed the transient snow zone, this
range of middle elevations is located at approximately 1,000-
4,000 ft in the central-western Cascades; it is higher to the
south and west, lower to the north and east. R/S events are
both more frequent and (apparently) more hydrologically signifi-
cant in this zone. Below it (rain-dominated zone), storms are
more likely to strike bare ground, so there is little or no snow-
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melt eontribution; higher (snow zone), storm precipitation typi-
cally falls as snow, and any liquid water is likely to be refroz-
en in a deep snowpack.

A somewhat different kind of rain-on-snow event occurs in
the spring, when late-winter cyclonic storms or summer-season
convective storms, combined with warmer temperatures and more
sunlight, can rapidly melt any surviving snowpack. This can be
an important process when snow persists at lower-than-normal
elevations, due to heavy winter snow and/or cool wet weather in
the spring; higher elevations (in the snow zone and the upper
transient snow zone) are typically affected by this type of R/S.
However it can be 51gn1f1cant, especially in certain regions:
although the Columbia Basin, Blue Mountains, and Okanogan High-
‘lands are less susceptible to winter storms, they are vulnerable
to springtime R/S events (as in the floods of May 1948).

Given this variability in the factors controlling R/S pro-
cesses, it should be clear that delineating a rain-on-snow zone
is not a trivial exercise. Since R/S can occur anywhere, the
problem becomes one of identifying the places where it is most
significant, in hydrologic or some other (damage ?; terms. This
begs the question of deqree of significance, in terms of the mag-
nitude (simple amounts), intensity (amount per unit time), or
proportional increases (relative to storm precipitation) of water
input due to snowmelt: how much is important ? and how do these

numbers vary regionally ?

Forest Practices and R/S
Despite the uncertainties, it can be understood that rain-

on-snow events are most consequential in and around mountainous
areas. This is where it rains the hardest, where there is likely
to be snow available for melting, and where the gravitational
gradient exists to allow the resultant runoff to cause mischief,
in the form of flooding and erosion. -

The mount.ains are also the home of most of Washlngton s
forest land, so R/S and forestry are linked if only because they
both take place in the same areas. Furthermore, forest practices
can influence elements of the environment that control hydrologic
processes related to snowmelt. To the extent that logging and
forest roads affect snow hydrology, they could also exacerbate
the rates and effects of rain-on-snow events. If so, the conse-
quences could be transmitted out to the mountain fringe, where
forests merge with agricultural, recreational, and (increasingly)
residential land uses, and where most water-related resources and
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facilities are located. The existence and magnitude of these
potential effects, and their control, form the crux of the forest
practices-R/S issue.

Concern about the effects of forest clearing on the rate of
water outflow from snowpacks (and thus water input to soil and
streams) during rain-on-snow conditions focus on:

1) the magnitude of change in outflow that can be caused
by clearcut logging;

2) the proportion of a basin that must be disturbed in
order to produce a significant effect on runoff;

3) the persistence of increased outflow from a clearcut
area, and the vegetation characteristics that control hydro-
logic recovery;

4) the possibility that changes in outflow can increase
the magnitude and/or frequency of peak flows downstream;

5) the ability of any such increases to produce signifi-
cant downstream flooding, channel changes, and damage to
stream habitat;

6) the possibility that increased water input to soils can
cause elevated rates of landsliding in clearcuts, or in-
creased chances of debris torrents in channels;

7) the potential for forest roads to significantly amplify
the damage due to R/S events, through more rapid flow rout-
ing, failure of drainage structures, or movement of fills.

Removal of forest vegetation, by harvesting (especially clear-
cutting) and road construction, can modify the rates of snow
accumulation and melt, and consequently the rate of water outflow
from snowpacks during R/S conditions. In any given event, a dif-
ference in outflow between forest and clearing may be due to
differences in either or both.

Imagine a series of snowfalls, each roughly equal to the
forest canopy’s capacity to intercept snow, occurring at near-
freezing temperatures. Most of the snow is caught by the canopy
and melts there; the meltwater falls to the ground, enters the
soil, and leaves the site. Under these conditions, a snowpack
accumulating under forest is very wet, but shallow and discontin-
uous. In contrast, snow falling in a clearing is not intercept-
ed, and so is less exposed to the heat sources so effective in
melting snow in the canopy. Thus, snowpacks in clearcut areas
(in middle elevations) are typically deeper and contain more
water than those in adjacent forest stands. The amount of water




in the snowpack? in clearcuts is commonly 2-3 times greater than
that in adjacent forest stands.

Thus, the -#mount of snowfall, weather conditions (over per-
iods of hours to weeks), and characteristics of the forest canopy
are all 1mpoztant in determining differences in snow accumulation
between forest and clearcut. Contrasts in accumulation are
greatest after a series of light snowfalls at or near freezing,
followed by temperatures slightly above freezing. There is
little difference following prolonged snowfall at temperatures

well below freezing. '
The seccnd basis for concern about effects of timber harvest

involves snowmelt. Because the major source of heat for melting
snow during R/S conditions is usually the wind-dependent transfer
of sensible and latent heat, any activity or situation that caus-
es increased near-surface wind speed and turbulence will likely
increase the rate of heat transfer to the snow, and consequently
the rate of snowmelt. Thus, the removal of trees allows more
rapid melting of snow in clearings.

In the Northwest there are a vast number of possmble scenar-
ios of snow accumulation and subsequent melt, determined by the
weather in the time preceding and during a storm, and by the
characteristics of a particular site. Thus, differences in re-
sponse between adjacent cleared and forested lands will also de-
pend on probabilistic elements. The extreme case entails large
differences between forests and clear-cuts in snow accumulation,
followed by a pineapple-express storm with heavy rainfall accom-
panied by strong winds and high air temperatures (50-60°F): snow-
packs in clear-cuts, deeper and extending to lower elevations,
melt to yield much extra water, while forests at equivalent elev-
ations receive little more than the storm precipitation. How-
ever, even the more frequent R/S scenario, with moderate amounts
of rain, lesser wind speeds, and temperatures up to about 45°,
can also melt snowpacks rapidly and produce differences in water
outfliow between forests and clearings.

If there is a difference, during a certain event or over a
period of years, between the amounts of water available for run-
off during R/$ from adjacent forested and clear-~cut areas, then
the issues enumerated above become pertinent. If the amount of
runoff expected from harvested areas (particular large units)
will be greater than it was before cutting, we need to be able to

? The snow-water equivalent (SWE), the depth of water that would result

if the snow melted completely.
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predict whether the increase will be large enough to cause signi-
ficant modifications of soil hydrology (increased pore-water
pressures leading to mass movement) or channel behavior (higher
or more frequent peak flows, acceleration of sediment transport,
habitat degradation). If any of these apply, we want to know how
much cutting will initiate significant effects, how great they
might be, what damage they might cause to resources and property
in and. around the forest, and how long such changes might last.
It should be clear from the preceding discussion that the

-answers to these questions are delicately contingent upon region-

al and local terrain, vegetation, and basin hydrology, and to the
sequence of weather conditions up to a particular time. We would
like to be able to identify the areas where hydrologic processes
during R/S events will be significantly altered by timber harvest
and roads, evaluate the nature and magnitude of effects, and de-
termine how the negative effects can be prevented or mitigated
(by planning, regulation, or engineering). At this point we are
just beginning to be able to generalize about these subjects.

Addressing Rain-on-Snow Issues

We are addressing the what, where, and how questions of
rain-on-snow through the T/F/W-CMER research program; some an-
swers will not be available for a couple of years yet. But the
existing body of research indicates that R/S is an important
hydrologic process in the forested lands of Washington; and we
surmise that some forest practices can cause significant changes
in these processes, leading to damage in some cases. Also, be-
cause most of the effects of forest operations on rain—-on-snow
processes take place downstream of and later in time than the
operations themselves, the interaction seems to be an example of
a cumulative effect of forest practices on the environment. As
such, the issue has become wrapped up in discussions of cumula-
tive effects, with all the scientific and political -uncertainties
incumbent thereon.

Nevertheless, based on the hydrologic information that now
exists and the environmental and property damage that seems to
have been caused by apparent increases in peak flows, the Forest
Practices Board, the Department of Natural Resources, and the
Timber/Fish/Wildlife cooperators have begun to manage and regu-
late forest harvest so as to reduce the potential deleterious
effects of large clearcuts on R/S processes.

Two interconnected approaches to the R/S issue are currently
being pursued. As a result of the Sustainable Forestry Round-
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tablerand subsequent discussions, a CMER task force and the DNR
were commissioned to develop methods for watershed screening and
analysis, which would include analysis of the potential for envi-
ronmental damage due to forestry-related increases in R/S fre-
quency or magnitude. These methods are being developed; on Aug-
ust 14, the Forest Practices Board passed an emergency rule (WAC
222-16-046) setting deadlines for development and implementation.

Interim R/S Rules

It is expected that the results of R/S research and water-
shed analysis (to be done on forested basins of the state, over a
period of several years) will be incorporated into the regulatory
framework as the results become available. In the meantime, the
Board passed a rule’® authorizing the DNR to begin regulating
clearcut size in places where R/S-related "material damage" seems
to have occurred. The technical tools for identifying "signifi-
‘cant R/S zones" are in place, and procedures for implementing the
rule have been developed over the past few weeks. Creating a map
delineating R/S zones has been problematic and time-consuming;
and writing rules and procedures required political and admini-
strative decisions to accept some scientific uncertainty in their
formulation, and a commitment of substantial staff time in their
execution. (Part of the problem was that drawing a map of signi-
ficant rain-on-snow zones presupposed an agreement on a defini-
tion of "significance", which doesn’t yet exist.) .

However, it is possible to create a map of precipitation
zones relevant to rain-on-snow processes, given a structure built
around model events. We have done so, based on a variety of
physical and biologic factors, encompassing available snow data,
elevation, aspect, vegetation, remote imagery, and predictive
models, to create proxies and indices of R/S probability. This
map, and the GIS-based modeling that it will be used for, consti-
tute the first steps in screening and analysis for R/S effects.

1. Precipitation Zones Map
Since there is no map that shows the magnitude and frequency

3 WAC 222-1€-046 WATERSHED ANALYSIS IMPLEMENTATION
(7) Effective September 3, 1991 the department shall condition the size of
clearcut harvest applications in the significant rain-on-snow zones
where the department determines local evidence of peak flows which have
resulted in material damage to public resources. Such conditioning
authority. shall expire upon completion of watershed analysis in a water-

resource inventory area or sub-basin.



of water inputs to be expected from rain-on-snow events, we have
attempted to create an index map based on what we know about the
process controls and effects in the various climatic zones. If
we assume that, averaged over many years, the seasonal storm
tracks that bring warm, wet cyclonic storms to the Northwest have
equal access to all parts of Washington*, then the main factors
controlling the occurrence and magnitude of a rain-on-snow event
in any particular place are:

a. climatic region: especially the differences between
windward and leeward sides of major mountain ranges, which
control seasonal climatic patterns;

b. elevation: controls temperature, thus the likelihood
and amount of snow on the ground, and affects Orographic en-
hancement of storm precipitation;

c. latitude: affects temperature, thus snow;

d. aspect: affects insolation and temperature (especially
in winter), thus melting of snow;

e. vegetation: the component species of forest communities
can reflect the climate of an area (tolerance or intolerance
to warmth/cold, wet/dry conditions, deep and/or long-lived
snowpack) ; the density of vegetation also partly controls
the amount of snow on the ground.

Since natural vegetation integrates the effects of all of these
controls, we tried to find or adapt floral indicators of the var-
ious zones of storm-water input; unfortunately, the information
is not complete or consistent for all of Washington. Thus the
designation of climatic zones was based on a combination of geo-
graphic (elevation, latitude, etc.), terrain, and vegetal indi-
cators, and our knowledge of the effects of storms in particular
areas. We have extrapolated from known to lesser-known regions.
Consistent with the modeling approach, we created the pre-
cipitation zones to represent the amount of snow likely to be on
the ground at the beginning of a storm. We assumed that a mid-
elevation zone would experience the greatest water input due to
R/S, because the amount of snow would be likely to be approx-
imately the amount that could be melted. Higher and lower eleva-
tion zones would bear diminished effects, but for opposite
reasons (no snow to melt, vs too cold to melt much). These con-
siderations suggested a three-~ or five-zone system. We chose to

‘ A reasonable assumption for western Washington; on the east side, and
particularly in northeast Washington, R/S events are less common. Model
values will be adjusted, where possible, to account for these differences.
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designate five zones, because it allows a finer calibration of
effects in the model; also, having a larger number of classes re-—
duces the importance of the dividing lines, and thus of the in-
herent uncertainties of those lines.

Thus, zones were defined based on the amount of snow that is
likely to be on the ground, relative to the amount that could
reasonably be melted during a model storm. We had to choose a
particular time of year for the model event: because major winter
storms are most common in November-February, and R/S seems to be
more likely earlier in this period, a model date in early Decem-
ber might have been best. However, snow-survey records were an
important source of snow-accumulation data, and very few surveys
are carried out in December; therefore, snow amounts for early
January were used.® The average® snow-water equivalents (SWE)
for the early January measurements at about 100 snow courses and
snow pillows were compiled; snow depths for the first week in
January at about 85 weather stations’ were converted into SWE by
multiplying by 0.15 (the ratio of snow-water to depth is general-
ly about 5-30%, depending on snow density, wetness, etc.). For
each region (western North Cascades, Blue Mountains, etc.), the
snow amounts were sorted by station elevation to derive a rough
indicator of the relationship between snow accumulation and
elevation. (Subregional differences in snow accumulation pat-
terns were also recognized.)

The amount of snow that can be melted in a day under a par-
ticular set of R/S conditions can be estimated from a simple
equation (developed by Corps of Engineers hydrologists):

SMyupe = T, [0.133 + 0.086 v, + 0.0126 P, ] + 0.23

for SM,,,, = 24-h snowmelt (cm)
T, = average air temperature (°C
v, = average wind speed (m/sec)
P, = 24-h precipitation (cm)

* We are assuming, at this stage, that most R/S storms occur in winter;
we have not attempted to model spring R/S events at this time.

¢ Based on measurements in 1961-1985, recorded in Washington Cooperative

Snow Survey summaries.

" Also for 1961-85, or whatever part of that period was available; from
National Weather Service reports on climatic data for Washington.
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Assuming that temperature and wind speed are uniform, snowmelt
becomes a function of precipitation. Using the 10-yr 24-hr pre-
cipitation isohyets, it was possible to estimate the regional
variation in snowmelt expected from an event of that frequency.
Because snowmelt is not very sensitive to precipitation amount,
the differences are not great; they vary from about 2.5 in. in
the Columbia Basin to about 3.5 in. in the Olympics.

The middle (or peak rain-on-snow) elevation bands were de-—
lineated as the areas where the average amount of snow (SWE) on
the ground approximated these ‘ideal’ snow amounts; the upper and
lower zones were defined by greater and lesser proportions, re-
spectively, of these amounts. After trying various combinations
of ratios for areas where the snow hydrology is relatively well
known, we decided on the following designations:

S. Highlands: >4-5 times ideal snow amount; high eleva-
tion, with little likelihood of significant water input to
the ground during storms (most precipitation as snow, and
liquid water probably refreezes in a deep snowpack); effects
of harvest on snow accumulation are minor;

4. Snow-dominated zone: from about 1.25-1.5x ideal snow
amount, up to 4x; melt occurs during R/S (esp. during early-
season storms), but effects can be moderated by the lag of
percolation through the snowpack;

3. Peak rain-on-snow zone: about 0.5-0.75x up to 1.25x
ideal SWE; middle elevations: shallow snowpacks are common
in winter, and big storms bring much rain, so likelihood and
effects of R/S are greatest; generally more snow accumula-
tion in clearings than in forest;

2. Rain-dominated zone: about 0.1-0.5x ideal SWE; areas at
lower elevations, where rain occasionally falls on small
amounts of snow;

1. Lowlands: <0.l1x ideal SWE; coastal, low-elevation, and
rain-shadow areas; rainfall intensities are lower, and
significant snow depths are rare.

‘Mapping of the precipitation zones was done by hand on mylar
overlays on 1:250,000-scale topographic maps. Because snow depth
is affected by many factors, the correlation between snow and
elevation is rough, and it was not possible to simply pick out
contour markers for the boundaries. Ranges of elevations were
chosen for each region, but allowance was made for the effects of
subregional climates, aspect, vegetational indicators of snow
depth, etc. Thus, a particular boundary would have been mapped
somewhat lower on the north side of a ridge or in a cooler valley
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(e.g. below a glacier), reflecting greater snow accumulations in
such places; the same boundary would be mapped higher on the
south side of the ridge, where interstorm sunshine could reduce
snow accumulation. Conditions at the weather stations and snow
courses were used as checks on the mapping, but in areas where
measurements are scarce, some interpolation had to be performed.
Attempts were made to make the mapping consistent within each
region, and among adjacent regions. '

The boundaries of the precipitation zones have been entered
in the DNR GIS, and are available from the PRIME computer (as
FRA>GENERAL>ROS).. Because of the small scale of the original
mapping and the imprecision of the digitizing process, some
errors have probably been introduced. It should not be expected
that GIS images can be projected to large scales to find knife-
edge zone boundaries, but they should be good enough to locate
harvest units tens of acres or greater in size.

Some apparent anomalies in the map should be explained.

1. Much of western Washington is mapped in the lowlands or
highlands zones. This does not mean that rain-on-snow does
not occur in those areas; it does, but on average with less
frequency and hydrologic significance than in the middle
three zones.

2. Much of central and eastern Washington is mapped in the
rain-dominated zone, despite the meager precipitation there;
this means only that the amounts of snow likely to be on the
ground are small, and storm-water inputs are composed domi-
nantly of the rain itself, without much contribution from
snowmelt. '

3. Much of northeastern Washington is mapped in the peak
R/S zone, despite the fact that such events are less common
in the NE than in western Washington. This is due to the
fact that much of that region is at elevations where the
' ijdeal’ amounts of snow are liable to be on the ground when
a model R/S event occurs; it does not reflect the lower
frequency of such R/S storms in that area, which must be
accounted for in other parts of the modeling and regulatory

procedures.

2. zones of Interest and Threshold Graphs

For the purposes of implementing the interim rule, it was
decided that the ’significant rain-on-snow zones’ would comprise
the peak rain-on-snow and the snow-dominated zones (hereafter
just ‘R/S zones’). Although snowmelt also occurs with some fre-
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quency in the rain-dominated zone (on the west side, at least),
the contribution to storm runoff from the lower zone is typically
less than that from the higher two zones. lowever, applications
for harvest on lands crossing the lower boundary of the R/S zones
should be considered as falling under the rule., (Due to the im-
precision of the mapping, areas at lower elevations might also be
considered, on an exception basis.)

once it has bheen established that a proposed clearcut is
within the R/S zones, it must be ascertained whether there has
been rclevant material damage to Lype 3 or betier waters down-
st.ream (see Attachment B). It so, it is necessary to determine
whether the cutting pattern in the basin is probably causing the
damage, by contributing increcased runoff due to augmented snow
accumulation and melt rates. In other words, it must be decided
whether a sufficient proportion of the basin is covered by vege-
tation that is likely to be acting hydrologically immature (HI).

The degree to which a basin is experiencing enhanced R/S-—
related water input is controlled by both the proportion of the
basin in the R/S zones, and the proportion of those zones covered
by HI vegetation. Ior example, a large basin having only a few
tens of acres in the significant zones is probably not going to
be feeling severe R/S effects due Lo forest practices, even if
they arc completely clearcut. Likewise, even if the basin is
completely in the zones of interest, there will be little effect
if little of it has becen cut. It is the basins where a major
proportion is in thce R/S zones, and a major portion of the zones
arec HI, that forestry-related R/S effects are most lJikely. Thus,
it is necessary to dcfine the basin of interest with respect to a
proposed harvest, dctermine how much of the basin is in signifi-
cant R/S zones, and cstimate the portion of those zones in HI
veget.ation,

We are intercsted in basins large enough that R/S-influenced
runoff effects arc likely to be notable, and to affect streams
having public-resource value. For these reasons it was decided
that the area calculations would be made for basins of type 3
streams. In practice, areas should be defined and measured® up-
stream of the point at which a type 3 stream flows into a type 1
or 2 stream. This means that harvest applications that are com-
pletely outside such basins (in basins of type 4 or 5 streams

* Basin boundaries should be delincated on a topographic map, and digi-
Ltized into a GIS coverage. The basin area can then be obtained f£rom the GIS
Altcrnately, area can be mcasured with a planimeter on the topographic map.
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that drain directly into type 1 or 2) are not automatically regu-
lated (they may be included by exception, though, where appropri-
ate); however, most of the landscape is covered. The proportion
of the basin within the R/S zones must also be measured.’®

Then, for all of the land in _the R/S zones in the defined
basin, it must be determined how much of the vegetation is hydro-

logically immature, i.e. that has low canopy closure (density)

and small tree heights. For implementation of the rule, age
classes are to be used as proxies!® for maturity: stand data,
air-photos, local knowledge, etc. should be used to estimate the
area in <25-yr (west) or <35-yr (east) ages.

Thus, three values will be measured: total basin area (a,),
area in the basin within the R/S zones (A,), and area in the R/S
zones that is in HI vegetation (A,,). Two ratios are calculated:

% basin in S and R/S precip zones = 100 * A_ /A,
% basin hydrologically immature = 100 * A, /A,,.

The degree to which the combination of HI vegetation in R/S-
susceptible areas can cause problems is estimated using the three
graphs showing conditioning scenarios. These graphs are based on
a simple model. For a basin, assume that when a storm starts the
R/S zones have an ideal amount of snow on the ground (i.e. about
the maximum amount meltable by a 10-yr 24-~hr storm) in areas with
HI vegetation, and little or no snow in adjacent forests.!' The
amount of extra snowmelt on hydrologically immature lands in R/S
zones is assumed to be about 3 in. in western Washington and the
upper eastern Cascades (west of the RMZ line), 2.75 in. in the
Blue Mountains and in the wettcr parts of northeast Washington
{roughly, east of the lower Kettle-Colville-upper Little Spokane
valleys), and 2.5 in. elsewhere.

The threshold lines on the graphs are based on the basin-
averaged effects of snowmelt-enhanced storm-water inputs. For
example, if half of a basin is in R/S zones, and half of that is

' In the GIS, the precipitation zones map can be combined with the basin
area to calculate this proportion.

¥ In watershed sc¢reening and analysis, Landsat images will be interpret-
ed to evaluate actual vegetation properties relevant to hydrologic maturity.

" This is almost a worst-case scenario, but it is rot uncommon; further-

more, it seems justified since we are considering areas where material damage
has already been established.
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HI, then 25% of the basin area is receiving 3 in. (west side) of
vegetation-influcnced $M in addition to rainfall, and the basin
as a whole seems to be receiving 0.75 in. of additional storm
water'?, Alternately, if the basin has 80% in R/S zones and 65%
of that in HI vegctation, the average input cnhancement is 1.56
in., Points represcnting thesc cases can be located on the
graphs. Note that a particular basin’s position along the x-axis
is set by the its area in the precipitation zones, and is un-
changecable; while its position along the y-axis can change in
time, depending on thce rate of harvest (moves up) or the regrowth
of HI vegetation (down). .

The threshold lines that divide the graphs into bands repre-
sent 1 in. and 2 in. of basin-avcraged, vegetation—influenced ‘
snowmelt enhancement.. In very general terms, an addition of 1-2
in, of water onto a 10~-yr 24-hr storm is enough to make it seem
to the basin like a 50- to 100-yr storm!’. We do not assume
that every such situation results in parallel flood peaks (i.e.,
not every 50-yr storm causcs a 50-yr flood). But we believe that
dumping more water into streams, more often, as a result of
large-scale changes in the forest can cause a general increase in
peak-flow magnitudes and frequencies; and we believe that this is
probably not a good outcome,

Thus, the basin in the first hypothetical case (described
above) plots in the A band, in which the R/S effects are consid-
ercd minor. The basin in the second case plots in the B band, in

which harvest-related R/S effects are probably becoming signifi-

cant, and further examination and conditioning are required.

3. Conditioning Strategies

Information on conditioning is contained in Hulsey’s meno
(Sept 26, 1991). 1In general, conditioning of harvest applica-
tions for reduction of R/S effeccls should attempt to:

1. reduce snow accumulation: arrange cutting units to
maximize canopy interception and melt of snow; orient strip
cuts to maximize interstorm solar melt; '

2. reduce wind-affected melt rates: arrange units to re-
duce wind speed at the ground during R/S storms.

12 Phis amount is calculated from
SM, ., = (% R/S 20nes/100] * [% HT/100) * 3 in
=~ 50/100 * 50/100 * 3 = 0.75

' The diffaercnces betwoen precipitation magnitudes of various frequen-
cies vary from onc place to another; thase numbers are gencralized,
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Unfortundtely, these two strategies could be in conflict on a
particular site. The tactics to be used in any particular case
will probably have to be based on site-specific conditions.

For strip cutting, some considerations of wind and the maxi-
mum unit proportions defined in the memo (footnotes 5 and 6) sug-
gest limits on the strip sizes. Evidence from a few field
studies indicates that strips any wider than one tree height (1H)
experience wind speeds similar to those in large clearings.

Thus, strips should be no greater than 1H in average width, and
oriented across the dominant direction of storm winds a2t that
site. For strips 1H wide, sceparation between strips should be at
least 2H wide in risk class B (so that acreage cut is <35%):; and
at least 4H wide in risk class C (so acreage cut is <20%) .

Watershed Screening for Hvydrologic Changes
Within a few months, we will be conducting screening of de-

signated basins (sub-WRIA scale) for slope instability, wildlife,
fisheries, and hydrologic changes. The precipitation zone maps
described above, along with other data layers and attributes,
will be used to model the changes in basin storm-water input
apparently due to past harvest.

Conclusions

We believe that rain-on-snow is an important process in the
forested lands of Washington; that runoff from snowpacks during
R/S events, particularly in (broadly defined) middle elevations,
can be increased by certain forest practices, notably clearcut
harvest; and that such changes can contribute to damage of re-
sources and property within and outside the forest. The interest
in and concern about the interaction of forest practices and R/S,
by state agencies, forest land-owners and operators, other T/F/W
cooperators, and the citizenry at large, are not misplaced.

- However, because R/S is a natural process, the incidence and
magnitude of which are controlled by many environmental factors
that vary in time and space, it is difficult to define precisely
when and how forest practices will cause or contribute to such
damage on a particular site.

The maps, graphs, and guidelines explained here are our
attempts to apply scientific knowledge and techniques to manage-
ment and regulatory gquestions. We acknowledge that they are
based on incomplete information, debatable assumptions, approxi-
mations, and model calculations; but we think that each piece is

reasonably valid.
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Ironsol Idstion or |Assorted slzos tightly | |Modorately packad with | [Mastly & loose essortment | Mo packing evident. |
Farticle Pack Ing Ipacked and/or ovar- [{2) |soma ovoerlappling. [{4) |with no apparent overlap. |[(6) |Loose assortment, easily [(0)
= eapping. | | l 1 | | moyad. 1
lottum 5iza [Ne chango In sizes | Itistribution shift slight.] [Hodarate change In sizos. | [Marked distribotion I
Distribution & Per-  |evident., Stzble {14} |Stable materlals 50-80%, |[(8) |Stable masterlals 20-50%, |12} |changa. Stable materials|(16)
_cont_Stoblo Haterials |matorials AP-100T. | ] | 1 In-203. l
Scourlng end [Less than 5% of the | |5-305 affectod. Scour at | |30-50% alfectad. Deposits] [ltore than 505 of the |
Cepositlon Ibottoo afscted by scour-|(6) |constrictlons and whore  [012)]4 scour at obstructlons, |(10)|botton In & state of fluxl(24)
ling and deposition. | Igrades stonpon, Somo | |[constrictions, &nd bands. | lor changn neearly yoar- I
1 . 1 ldoppsition n pools. | lSoma (11)1inop of pools. | Inng. e
Clinglng Aquatic |Abundant. CGrowth | [Comon, Algal forms In | IPresont but spobily, nastly] {Perennial typos scaice orl
Yegetat lon |1argely moss-11kes dark 1(1)  llov volocity & pool arcas.|(2) |In. backwator aroas. [13) |absent, Yollow-grosn. |14}
{lloss and Algan) [porennial, In suift | IMoss horo too and swifter | |Soasonal blooms makae I Ishort torm bloom may |
|=+5 I¥aier too. 1 Iratprs. | lrochs s1lchk. 1 Jba prasant. l
Leacly Scorp _of:  0-30 Excefient 39-51 High Good 17-09 High Falr 115-127 High Poor
52-64 lled Cood 90-102 Med Falr 128-139 Med Poor

(5-76 Low Good 103-114 Low Fatr 140-152 Low Poor
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Mana ‘labtlng flaz R Playfair's law: "Fuery rdver appeans to comsist of
o GDehr L .Tu-'-:IEntanl:lul- " e a main DwnF, fed from a variety of branches, each
1y D, kVegatrtive: Bank Frotection T lltereeeees aunning in a valley propontivned to its size, and art
g ¥ e T e of them together forming a system of valleys connecting
' e T S i uih ore another, and having such o nise ajustment of
o Ty T R e e R LA : thein declivities tat none of them join the principa
ch’ﬁ%ﬂl‘ﬂ'}(j iy Fhib ! 1z : vatley either on too high on too Low a tevel; a cin-
nl“k'll ‘.;::: “ttié:.r:.:.:--.|:_+1|i-||||ii-|-|44.1...-|1 . CwMta"ce w‘u:ch mul«d be 'i"‘iwely imp&obab(e 4(’.‘ cqch
g b A D e Y gt Tl R of these valleys wene not the worh of the stream which
dis Miatructiona'and Flow Deflactors S hlaa ' te ram
pi1? R e T / flows in itf,
3 I__D']EIQ(EITIE TR e d s ar s ening L N e o

bbb, ot et B S T e o John Playfair, 1502
Channel™ Bot tom it o b AP

'8P arightn ...:::::::::::::::::::::::,.' 22 o Others have Luilt on John Playfalr's observations. So it
o Eﬁtuﬁzulld;tiuﬂ-1;;......;...+1; _____ A T 4 is with this work. Dr.-Walter Megahan's original efforts
ﬁf;i}nt[bn'ﬁiih Discributlon ,,........ A o T “ at stream channel characterization In Utah a decade ago
e -ScaUEIH:5ﬁhafdr'ﬂﬂpﬂl1tii\ A A e i 22 ‘ served as che stimulus. From that beginning the present
L quis 1e ingntaﬁiﬂn T e e ERRE L system has evolved as a team cffort. It hag been my
r_l-__ (i it e s

pleasure to shiephard thiis work and contrlbute Erom my
personal experience and observations, My Northern Reglon
colleagues, past and present, have contributed so much

in the way of suggestions and crltique that Lt is Imposs~
Ible now to say "this 18 his and this {s mine", My thanks
and appreciation go especially to Dave Rosgen and Lee Silvey
who labored through several revisions of the field form wich
me. Now the ball passes to you. Tuke it and run'

d :r:- BCh s
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Dale J. Pfankuch, Focester
Lolo National Forest
Missoula, MT

June 1978
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STREN REACH LVEIITORY mvp GHAEL STABILITY EVALUATIOH

Channel evaluations are best made during periods of low flow.

Purpose: These procedures were developed to systemize meas-
urements and evaluations of the resistive capacity of mountain
streas channels to the detachment of bed and bank materials

and to provide information about the capacity of streams to
adjust and recover from potential changes in flow and/or in-
creases in sediment production.

Upes: The information may be gathered at a “point” for
projects such as bridge sites, campground, etc., or in
complete channel analyses Yor fisheries, timber management
water balance or multiple use inventories and planning,
Stream reaches may be stratified by order and geologic type
and sampled to an intensity that meets survey requirements.
“Polnt” as used here alvays means a reach of sufficient
length to provide the observer with a range of information
on which to base a sound selection From available alternat-~
tives,

Instructions: The card format of R-1 Form 2500-5A and this
pocket fleld guidebook are designed to be used together - in
the field. Use a separate rating card for each length of
stream that appears similar. Identify the reach on Card Form
2500-5A, on maps and/or photos in suffictient derall so others
can locate the same reach at some future time.

The inventory items are completed using maps, aerial photos
and field observations and measurements. Circle all estimated

. data {tems that could be measured but weren't. The precision
of measurements will be dictated by the requirements of the
particular inventory. These standards should be clearly 1in
mind when the work begins.




The evaluation portion of the inventory requires judgement
based on experience and the criteria outlined in this

booklet. The condition descriptions, briefly explained on

the tally form, are amplified in more detail in the pagea

that follow., As you begin the evaluation phase of the inven-
tory, a few words of caution are in order. Avoid keying

in on a single indicator or s small group of indicators in
making ratings. Since the indicators are interrelated, don't
duell on any one item for long. If all are used without bias,
the maxioum diagnostic value can be obtained. Do the best

yoh can. Experience has shown that over ind underratings

tend to balance out. Total rating scores made by inexperienced

persons are oftep_nunerically close to th2 acores of those
with more experience.

Keep in mind that each item directly or iadirectly is designed @
to answer three basic questions: . :

1. What are the magnitudes of the hyJraulic forces at
work to detach and transport the various organic and
inorganic bank and channel components}

2. ilow resistent are these componenta to the recent
stream flow forces exerted on them?

3. What 1s the capacity of the stresa to adjust and

recover from potential changes in flow volume and/or
incraases in sediment production?

The channel and adjacent flood plain banks are subjectively
rated, item by item, following an on-the-ground fnspaection.
Circle only one of tha numbers in parentlieses for each

item rated. If actual conditions fall sonewhere between
the conditions as described, cross out the number given

and below it write in an intermediate value which better
expresses the situation as you see {it.

NOTE: Channels out to bedvock are always 1ated Exvellent.

S

SRR TN

DEFINITION OF TERMS AND ILLUSTRATIONS

Upper Bank - That portion of the topographic cross section
from the break in the genaral slope of the surrounding land
to the normal high water line. Terrestrial plants and
animala normally inhabit this area.

Lower Banks - The intermittently submerged portion of the
channel cross section from the normal high water line to
the water's edge during the summer low flow perioed.

Channel Bottom - The submerged portion of the channel croas
Q section which {8 totally an aquatic environment.

A e N T gy L 1

Chaunel Bolgom

Stream Stage -~ The height of water in the channel at the
time of rating is recorded, ‘using numbers 1 through 5.

These numbers, as shown below, relate to the surface water
elevation relative to the normal high water line. A decimal
division should be used to more precisely define conditions,
i.e., 3.5 means 3/4ths of the channel banks are under

water at the time of rating.

(s 5= Flooding., The flood
ﬁngf plain 18 completely
covered,
High. Channel full to the
normal high water line.
——1= Hmlerate. Bottom and 1/2 of
lowver banks wetted.
Low. Bottom covered but very
-little of the lower bLanks wet.
Ocy™, Essentlially no flow. Water
may stand in bottom depressions,

dm
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XEY CARD FOR FIELD FORM 2500-%A

KEY NUMBER ON PIELD CARDS

Upper Banks 4

Lewer Banks 1

Bettem 1

Itea Rated \
Landfora Slope
Mass Wasting or Failure 2
(existing or potential)
Detris Jam Potential s
(Floatable Objects)
Vegetative Bank 4
Protection
Channel Capacity s
Bank Rock Content 6
Obstructions
Flow Deflectors 7
Sediment Traps
Cutting 8
Deposition 9
Rock Angularity 10
Brightness 11
Consolidation or 12
Particle Packi
Bottoa Size Distribution and 13
Percent Stable Materials
Scouring and 14
Depoaition
Clinging Aquatic
Vegetation 15
?Hogg apd Algae)

R-1 STREAM REACH 1NVENTORY and CHANNKL STABILITY EVALUATION -
REACH 1OCATION: Survey Datefy-]3-74 Tl-e&}_q Obs. DR.-L.5.- DD

Pmﬂ'_Bn &ﬂu.{:.r Rgr. Dist _Puuiy
P ¥.I.
Stream Fern Ormk W/s No. 1‘_'22 .m:Qi".ZS_‘L'ﬁ 01

Reach Description &

ar(a
Other lde-umcmonﬂm{mmm&gmammesﬁsm._xd_m_

Rey [Stabllity I@icn[ora by Classes (Falr and Poor on reverse slde)

¥ EXCELLENT GOOD
o1 IBank slopa gradient <308, T[2) |IBank alope gradient J0-LOX, [£D)
- Ko evideénce of paal or any Infrequent and/for very small,
a|l 2 |potentinl for Tuturs mass @ Hoslly healed over, Lou (&)
@ wasling Into ehannol, futurs pateniial,
c 1 ?.:2:3:1311:'.:&&? from (2) Er:aLanbuli!nE:!.IT amall @
nnel arom, wigh & n
pﬁ 0%+ plant denalty, Vigor @ 70-908 denally, Fewer plant
S 4 |&and varlaly suseests a apaclea or lower vigor (&)
doop, dinso, soll blmdlng, muggeals & less denss or
rock mass, deep rool maas,
Amnple for presant plun some Adequate, Overbink rlows
5 ':n-::r'l:uun-Elr Peak flows con-| (1) ||rare. Widih to Depth [¥/D) @
talnkd, W/D ratie <7, ratlo B Lo 15,
= ﬁ_ﬂr_ﬂllh largs, angular (2) Lo to G9%, mostly meall @
= bouldera 12"+ numarous, boulders Lo cobblam 6-12",
r: Aocka and old loga firmly Some present, causing sroslve
- eabadded, Flow pmitern with= croay currenls and minor pool
Bl 7 |oul eutiing or depositlon. @ Filling, Obsiructlons and ()
L Poola and riffles stabla, daflectora newar amd loss
X flrm.
i Little or nons evidonl, Some, Interaitiently at
B | Infrequenl rav banks less |(4) ||outeurves and conslrictions.
than 6* high genarally, faw banks may be up to 12,
Little or no enlargasant Some naw Lncreass in bar
4 |of channil or point Lars. @ forentlion, mostly leom {B)
coarso gravels,
g |#arp edgas and corners, founded cornérs and mdges,
plane surfaces roughonad, (1) surfaces smooth and Clat, @
11 |Surlaces dull, l!ﬂ.rl:ﬂrmrl, or (1) Montly dull, but ray hava up @
atalmed, Con, not “bplght®, |lo 7% bright surfaces,
A e ) e
I i, momn overlapping,
E s Mo change in aizas evident, @ Distribution shilft allightl. (4)
- Stable malerials Ao-100%, Stable matleciala S0-00%,
; Lans than 5 of 1ha bollom 50F affected, Scour at
14 |affected by seauring and @ conalriol bons and whirs (12)
d=rn=ition, grades alampen, Soee

Appanition in pools, | |

Tbundnnt. Growth largely Coemon, Alpal Forsa in ]nu”_'
15 | mossi-11ke, dark green, per-{(1) [[velocity & pool arsan. Hoss @

ennlil, In awifl swater loo,f  lhers Loo amd awirler waturs,
EXCELTENT COLUMN TOTAL =24 GLOD COLURN TUTAL ——| 4 7
Add valuea in each column and record In opaces below, Add column scorcs,

EQYy+cdl+P.5 +P.0 = 52  tTotal Reach Scors,
diactive ratingaic -E;l;l;lr'l'l_nnt_ FTé=lih=Faip, Llvi=Vouar*
*[Scores above may bo locally ad WTETED ¥ Fores', llydrologlsl)

Rl-Fora 2500- Rew 1=7% Slde 1.



INVENTORY DATA3

Streas Vidth 6 ft.x Avo.Dap'.hQ.S ft.X Ave.Velocit
Reach
Cmd\ant__’i_}, Drder,! Y
Teaperajvre
%p orsc ofs

Strean

(observed or measured on this date)

Turbidity

level Low , Stagefcu23)

MeBO . 1082 , others pH 22 , Conduetumce 45 4 Nhas
 Sawple Boitle

Strean Sinuosity

Ratlo

Side 2

/a-M_Plou cfs

Key
4

3tabil ﬁ} Indicators by Classes

PA

1

Bank alope grad

a:t b@]

1 Jpper Banks

-k,

Bolta

Moderate frequency & sice,

(9)
[ (6)

(9)

POOR

Bank slope gradient 60%+.

Frequent or large, causing
sediwent nearly yearlong OR
|imninent danger of same,

Moderate to heavy amounts,
predominantly larger siges,

<50% density plus fewer
spacien & leas vigor indi-
cats poor, discontinuous,
and shallow root mass,

(3)

(6)

Iradequate, Overbank f'lows
consan, W/D ratio.> 25,

gravel siges, 1-7" or less,

| < 208 rock fragments of |

(4
(4

(6)

Frequent obatructions and
deflectors cause bank ero-
sion yearlong. Sediment
traps full, channel
mnigration accurring,

(8

(12)

Alpost continuous cuts,
some over 24* high, Fail-
ure of overhangs frequent,

(12)

Extenalve deposits of pre-
dominantly fine particles,
Accelerated har develnpment,

(3)

Well rounded in all dimen-
sions, surfaces smooth,

lll bloomn make rocks alick

(3)

Predominantely bright, 6%+,
exposed or scoured surfaces,

(6)

No packing evident., Loose

assortment, easily moved,

distribution change.

FATR COLUNN TOTAL
3iz2e Compoaition or Bottom

POOR COLUMN TOTAL

Materials [Total to 100%)

Expored bedrock ...........
xeor 1+ Dla.... § %

Ty
L, Large rubble, 6*-12*,...... f0 %X

5. 3mall rubble, 3*-6%
6.
7.

|turm bloom may be present, -

B. Sand, silt, clay, muck.._ T #

1 Evaluation Items

ly the very briefest

nte. This field booklet =
8, some of the basic

f "kernels" or core
arranged i{n the same order

vided into three components,

lous indicators to be subjec-
are cautioned not to “key in"
All that have been included

red in an unblaged vay to

the current situation.

‘¢ ptiempted without

.ld Cuide. The language

‘neral to avoid lmiting

mall geographic area.

 with your local exper-~
of indicator conditions

ers, will lead to consisg-

considered general in nature
- It s suggeated that local -
plctures added to this Fleld

A word of additional caution:
evaluated in context with the s
text and on the inventory form.

and best fit the 2nd to 4th order
unhtauched,

Keep the scale of the reach being
cale of dimensions given in the
Rating items were taylored for

stream reaches. Very small,
firat order segments will require a scaling down

le the larger -stream and river reaches will require
some mental enlargement of the criteria given to fit the situation.

'TON

eaches found usually
rainage baoins. Second
more -firet order
llustrated below,
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I. Upper Channel Banks

The land area immediately adjacent to the stream channel is
normally and typically a terrestrial environment. Landforms
vary from wide, flat, alluvial flood plains to the

narrow, steep termini of mountain slopes. Intermittently this
dry land flood plain becomes a part of the water course. Forces
of velocity and turbulence tear at the vegetation and land.
These hydraulic forces, vhile relatively short lived, have
great potential for producing onsite enlargements of the stream
channel and downstream sedimentation damage. Resistance of the
component elements on and in the bank are highly variable. This
gsection 1s designed to aid in rating this relative resistence
to detachment and transport by floods.

A. Landform Slope:

stream channel determines the lateral extent and ease to
which banks can be eroded and the potential volume of
slough which can enter the water. All other factors being
the

equal, the steeper the land adjacent to the stream,

AN \\\\\\

&
(-]

»
The steepness of the land adjacent to the

[
[

-
=]

0

PERCENT SILOPE SCALE
Hold this page at ams lenglh..match the slope of Lhe topography
with the percent slope lines on the voule above.

————- e b ®heans
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Mass Wasting llazard 7This rating fuvolves exlsting or
potential detachment from the sofl mantle and downslope
movement into waterways of relatively large pieces of
ground. Mass movement of banks by slumping or sliding
introduces large volumes of soil and debris Into the
channel suddenly, causing constrictions or complete
damming followed Ly increased stream flow velocitlies,
cutting power and sedimentation rates., Conditions
deteriorate in this element with proxjmity, frequency
and size of the mass wasting arcas and with progressively
poorer internal dralnage and steeper terrain:

1. Excellent: There 1s no evidence of mass wasting that
hhas or could reach the stream channel,

2, Cood: There ls evidence of Infrequent and/or very
small slumps., Those that exist may occasionally be
“raw" but predominately the areas are revegetated
and relatively stable.

3. Fair: Frequency and/or magnitude of the mass wasting
situation increases to the point where nonnal high water
aggravates the problem of channel changes and subsequent
undercutting of unstable areas with increased sedimen-
tation.

4. Poor: Mass wasting is not difflcult to detect because

of the frequency and/or size of existing problem arcas

or the proximity of banks are so close to potential

slides that any increases in the flow would cut the toe and
may trigger slides of significant size to cause down-
stream water quality problems for a number of years.

| .1-.1'5 |1 -'-I. s
J"""F“IJH
LA

LY

P O .
Sl al

-4, 1A
. e . -
Hass wasting of stopes dinectly into the stream chawnet .
9
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Debris Jam Potential Floatable objects are deposited on

stream banks by man and as a natural process of forest
ecology. By far, the bulk of this debris is natural in
origin. Tree trunks, limbs, twigs, and leaves reaching

the channel form the bulk of the obstructions, flow deflec-
tors, snd sediment traps to be rated below., This inventory
item assess the potential for increasing these impediments
to the natural direction and force of flow where they now
lay. It also includes the possibility of creating new
debris jams under cartain flow condicions.

1. Excellent: Debris may be present on the banks, but
is so situated or 18 of such a size, that the stream
is not able to push or float it into the channel and,
therefore, for all intents and purposes, it is absent.
In truth, there may be none physically present. Both
situations are rated the same.

(R

2. Good: The debris present offers some bank protection
for a while but is small enough to be floated away in

time. Only small jams could be formed with this material
slone.
3. PFair: There is a noticeable accumulation of all sizes

and the stream is larga enough to float it away, at
certain times, thus decreasing the hank protection and
adding to the debris jam porential dowmstream,

4. Poor: Moderate to heavy accumulatisne are present due
to fires, insect attack, disease mortality, windthrow,
or logging slash. High flows will {loat some debris
away and the remainder will cause channel changes.

A sendies of debais fjams of small size materinls
Like the one shouwm in the centen of this photo
cause this item to be rated "Poor".

10
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Vepetative Bank Protection: The soil in banks 1s held in
place largely by plant roots. Riparian plants have almost

unlimited water for both crown and root development. Their
root mats generally increase in density with proximity to
the open channel. Trees and shrubs generally have deeper
root systems than grasses and forbs. Roots seldom extend
far fnto the watar table, however, and near the shore of
lakes and streams they may be comparatively shallow rooted.
Some species are, therefore, subject to windthrow.

Ia addition to the benefits of the root mat in stablilizing

the banks, the stems help to reduce the velocity of flood
flows. Turbulence i{s generated by stems in what may have
been laminar flow. The seriousness of this energy release
depends on the density of both overstory and understory
vegetation. The greater the density of both, the more
resistence displayed. Damage from turbulence is greatest
at the bank edge and diminishes with distance from the
normal channel. Other factors to consider, in addition to
the denaity of stems, are the varleties of vegetation, the
vigor of growth and the reproduction processes. Vegetal
variety is more desirable than a monotyplc plant community.

Young planta, growing and reproducing vigorously, are better
than old, decadent stands.

1. Excellent: Trees, shruba, grass and forbs combined
cover more than 90 percent of the ground. Openings in
this nearly complete cover are small and evenly dispersed.
A variety of species and age classes are represented.
Growth is vigorous and reproduction of species in both
the under- and over-story ls proceeding-at a rate to

- inaure continued ground cover conditions. A deep,
dense root mat is inferred.

2, Good: Plants cover 70 to 90 percent of the ground.
Shrub species are more prevalent than trees. Openings
in the tree canopy are larger than the space resulting
from the loss of a single mature individual. While the
growth vigor is generally good for all species, advanced
reproduction way be sparse or lacking entirely. A deep
root mat is not continuous and more serfous erosive
incursions are possible in the openings.

3. Fair: Plant cover ranges from 50 to 70 percent. Lack
of vigor 18 evident in some individuals and/or apaecies,
Seedling reproduction is nil. This condition 18 ranked
fair, baved primarly onthe percent of the area not
covered by vegetstion with a decp root mat potential
and less on the kind of plants that make up the over-
story.

4. Poor: Less than 50 percent of the ground is covered.
Trees are essentislly absent. Shrubs largely exist
in scattered clumps., Crowth and reproduction vigor
is generally poor. Root mats discontinuous and
shallou,



Lower Channel Banks

The channel zone 1is located between the normal high watcer and
low water lines. Both aquatic and terrestrial plants may
grow heve but normally their density ls sparse.

The lower channel banks define the present stream width.
Stability of these channel banks is Indicated under a

glven flow regimen by minor and almost imperceptahle changes
in channel width from year to year. 1n other words, encroach-
mene of tie water enviroument into the land environment is nil,

Under conditions of lncreasing channel flow, the bLanks may
weaken and both cuttlng (bauk encroachwent) and deposition
(bank exteansion) begln, usually at bends and polnts of con-
striction. Cutting is evidenced by steepening of the lower
banks. Eventually the banks are undercut, followed by cracking
and slumping. Deposition behind rocks or bank protrusions
increase in length and depth,

As the channel is widened, it may also be deepencd to
accommuodate the Increased volume of flow. For convenivnce
only, changes of channel bottoms ure observed separatuly
and last In this evaluation scheme.

Channel Capacity: Channel width, depth, gradient, and
roughness determine the volume of water which can be
transmitted. Uver Llme channel capacity has adjusted

to the slze of watershed above the reach rated, to )
climate, and to changes of vegetation. Some Indlcators

of change are widening and/or duepening of the channel
wiich affects the ratio of width to depth. VMen the
capacity is exceeded, deposits of soil are found on

the banks and organic debris may be found hung up in

the bank vegetation. These are expressions of the

most recent flood cvent. Indlcators of conditions as
recent as a year or two ugo may be difffcult or Impossible
to find, but do your best to estimate what normal peak [lows
are and whether the present cross section Ls adeguate Lo
handle the load without bank deterioration.

Lxcellent: Cross sectional area is ample for present
peak volumes plus sone additional, If necded.  Uyer-

bank floods are rarce. Width to depth ratjo less than
7; l.e., (36" wide + 6' decp = 0).

Good: Adequate cross sectlonal arca contains most
peak flows. Widith to depth ratio 8 to 15,

e b el -

)

3. Fair: Channel barely contains the peak runoff in
average years or less. Width to depth ratlos range
from 15 to 25.

4. Poor: Channel capacity generally {nadequate. Over-
bank floods quite common as indicated by kind and
condition of the bank plants and the position and
accymulation of debris. Width to depth ratio 25 or
more.

Bank Rock Content: Examination of the materials that

make up the channel bank will reveal the relative
resistence of this component to detachment by flow forces.
Bince the banks are perennially and intermittently both
aquatic and terrestrial environments, these sites are
harsh for most planta that make up both types. Vege-
tation 18, therefore, generally lacking and it 1is the
volume, size and shape of the rock component which pri-
marily determine the resistence to flow forces.

A soil pit need not be dug. Surface rock and exposed
cut banks will ensble you to categorize this item as
listed by percentage ranges on the fileld form,

1. Excellent: Rock makes up 652 or more of the volune
of the banks., Within this rock matrix large,
angular boulders 12" (on their largest axis) are
numerous.

2. i Banks 40-65% rock which are mostly small
Loulders and cobble ranging in size from 6-12"
mcan diameter. Some may be rounded while others
are angular.

3. Pair: 20-40X of bank volume rock. While some big
rock may be present, most fall into the 3-6"
diameter class.

4, Poor: Less than 202 rock fragments, mostly of
gravel sizes 1-3" 1in diameter.
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C. Obstructions and Flow Deflectcrs: Objects within the
stream channel, like large rocks, embedded logs, bridge
pilings, etc., change the direction of flow and soue-
times the velocity ss well. Obstructions may produce
adverse stability effects when they increase the velocity
and deflect the flow into untrable and unprotected banks
and across unstable bottom materinls. They also may pro-
duce favorable impacts when veloclty iy decreased by
turbulence and pools are formed.

Sediment Traps: Channel ohstructions uhilch dam the fiow
partly or wholly form pools or slack water areas. The
poola lower ‘the channel gradient. With this lous of

energy the sediment tranaport power {s greatl reduced. —~
Coarse particles drop out firat at the head of the pool. ‘ )
Some or all of the fine suapended particles may carry

on through.

Embedded logs and large boulders can produce very stable
natural dams which do-not add to channel instabilicy.
Some debris dams and beaver dams, however, are quite un-

stable and only serve to increase the severity of channel
damage when they break up.

The effectivenesa of these sedlment traps depends on pool
length relative to entrance veloclty. The swifter the
current, the longer the pool needed to reach zero velocity.
Turbulence caused by a falls at the hesd of the pool
shortens the langth required to reach zero velocity.

Hlow long these traps are effective depends on depth and
vidth as well as pool length and, of course, the rate of
sediment accretion,

ltems of vegetation growing in the water, like alders,
wvillows, cattails, reeds, and sedges arce also effectlive
traps in some locations and reduce flow velocity and
sedimeat carrylng power.
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ne trees become obstwictions and Low deflectons

as shotn here. If frequent in the aeach, rate this item “Poor",

4

C. Obstructions and Flov Deflactors (Continued)

1. Excellent: Logs, rocks, and other obstructiinl to
flow are firmly embedded and produce a pattern of
flow vhich does not crode the banks and bottom or

cause sediment bufldups. Pool riffle relationship
stable. .

2. Cood: Obstructions to flow and sediment traps are
present, causing cross currents which create some
ainor bank and bottow erosion. Some of the obstruc-

tions are never, not firmly embedded and move to
nev locations during high flows. Some sediment {is
trapped in pools decreasing their capacity.

3. Pair: Moderately frequent and quite often unstable
obstructions, cause noticeable seasonal erosion of

the channel. Conaiderable sediment accumulates be-
hind obstructions.

4. Poor: Obstructions and traps so frequent they are
"~ intervislble, often unstable to movement and cause

a continual shift of sediments at all seasons.
traps are filled as soon as formed
and widens,

Since
» the channel migrates

S &

. i H

Sanme. lacc}uon as shown on page 14, Iut taolJng uﬁa(u&m.
Obstruction Like this could become the nucteus of a delris Jam,
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Cutting and Deposition are concommittent processes. You

can't have one without the other. However, it is possible
for each to be taking place in different rcaches of the same
stream at the same time, and hence the separation for classi-
fication purposes which follows.

D.
!

Cutting: One of the first signs of channel degradation
would be a loss of aquatic vegetation by scouring or
uprooting. Some channels are naturally devoid of aquatic
plants and here the firast stages would be an lncrease in
the steepness of the channel banks. Beginning near the
top, and later extending in serious cases to the total

depth, the lower channel bank ‘becomes a near vertical wall.

If plant roots bind the surface horizon of tlie adjacent
upper bank into a cohesive mass, undercutting will follow.
This process continues until the weight of overhang
causes the sod to crack and subsequently slump into

the channel., Differential horizontal compaction and
texture could also result in undercut banks even with

an absence of vegetative cover. There are some loosely
consolidated banks that with or without vegetation are
literally nibbled away, never developing much, if any,
overhang.

1. Excellent: Very little or no cutting 18 evldent.
Raw, eroding banks are infrequent, short and pre-
dominately less than 6" high.

2. Good: Some intermittent cutting along chanuel out-
curves and at prominent constrictions. Eroded areas
are equivalent in length to one channel width or less
and the vertical cuts are predominately less than 12".

3. Falr: Significant bank cutting occurs frequently
in the reach. Raw vertical banks 12" to 24" high are
prevalent as are root mat overhangs and sloughing.

4, Poor: Nearly continuous bank cuttiﬁg. Some reaches
have vertical cut faces over 2 feet high.

sod-root overhangs and vertical side failures may also
be frequent in the rated reach.

Poor hank conduwna at «thu.bend are evident.
16

Undercutting,

Deposition: Lower bank channel areas are generally the
steeper portions of the wetted periwmeter and may

be rather narrow strips of land that offer slight oppor-
tunity for deposition. Exceptions to this statement
abound since deposition is often noted on the lee side

of large rocks and log deflectors which form natural
jetties, However, these deposits tend to be short and
natrow. On the less steep, lower banks, deposition during
recesslon from peak flows can be quite large. The appear-
ance of sand and gravel bars where they did not previously
exist may be one of the first signs of upstream erosion,
These bars tend to grow, primarily in depth and length,
with continued watershed disturbance(a). Width changes
are in a shoreward dlrection as overflow deposition takes
place on the upper banks. Dimensional deposition "growth"
is limited Ly the size and orientation of the obstructions
to flow along the channel banks, flow velocity and a con-
tinuing upstream sediment supply.

Deposition may also occur on the fnside radil of bends,
particularly if active cutting is taking place on the
opposite shore. Also, deposits are found below constric-
tions or where thure 18 a sudden flattening of stream
gradient as occurs upstream above geologlic nic points.

1. Excellent: Very llittle or no deposition of fresh
silt, sand or gravel in chaonel bars in stralght
reaches or point bars on the Lnside banks of curved
reaches.

2. Cood: Some fresh deposlts on bars and behind obstruc-

tions. Sizes tend to be predominately from the larger
size classes - coarse gravels.

3. Fair: Deposits of fresh, coarse sands and gravels
observed with moderate frequency., Bars are enlarpging
and pools are filling so riffle areas predominate.

4, Poor: Extensive deposits of predominately fresh,
fine sanda, some silts, and small gravels. Acceler-
ated bar development common. Storage areas are now
full and sediments are moving even during low flow
perlods.
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Channel Bottom

Water flows over the channel bottom nearly all of the time
in pereanial streams. It is, therefore, almost totally an
aquatic environment, composed of inorganic rock constituents
found in an infinite variety of kinds, shapes, and sizes.
It is also a complex bilological community of plant and
animal 1ife. This latter component is more difficult to
discern and may in fact, at times and places, be totally
lacking.

|
Both components, by their sppesrance alone and in combination,
offer ~lues to the stability of the stream bottow. They are
arbitrarily separated and individually rited for convenience
and emphasis during the evaluation process. Because of the
high reliance on the visual sense, inventory work 1is best
accomplished during the low flow season and when the water
is free of auspended or dissolved substances. If ratings
must be made in high flow periods, sounds of movement may
be the only clue as to the state of flux on the bottou.

A. Angularity; Rocks from stractified, metamorphic form-
stions break out and work their way into channels as
angular fragments that resist tumbling. Their sharp
corners and edges wear and are rounded in time, but
they resist the tumbling motion. These angular rocks
pack together well and may orfent themselves like
shingles (imbricated). In thie configuration they are
resistant to detachment.

Inh contrast, igneous rocks often produce fragments that
round up quickly, pack poorly and are easily detached
and moved dowmstream.

Excellent to Poor ratings relate to the amount of round-
ing exhibited and, secondarily, the smoothness or polish
the surfaces have achiieved. Some rocks never do smooth

up in the natural environment, but most round up in time,
Both conditions, of course, are relatlve within the
inhevent capability of the respective rock types.

Rounded

I8
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B. Brightness: Rocks in motion "gather no moss', algae
or stain either. They become polished by frequeut
tusbling and, as a general rule, appear brighter in
their chroms values than similar rocks which have
remained stationary. The degree of staining and vege-
tative growths relate also to water temperature, gseasons,
nutrient levels, etec. In some areas a “bright” rock will
be "dulled" in a matter of weeks or months. In another
it may take years to achleve the same results. Never-
theless, even slight changes during the spring runofi
shouid be detectable during the next summer's gurvey.
Look firat for changes in the sands and gravels.

1. Excellent: Less than 5X of the total bottom should
be bright, newly polished and exposed surfaces.
Hoat will be covered by growths or a film of organic

stain. Stains may also be from minerals dissolved
in the water. ’

2. Good: 5 to 35% of the bottom appears brighter,
some of which may be on the larger rock sizes.

3. Fair: About a 50-50 mixture of bright and dull
with a 15X leeway in either direction (i.e., a
range of from 35 to 65% bright materials).

4. Poor: Bright, freshly exposed rock surfaces pre-
dominate with tvo-thirds or more of the bottom
materials in motion recently.

L]
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Mosily Bright
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C.

Consolidation (Particle Packing):

the array of rock and soll particle sizes pack together.
Voids are filled. Larger components tend to overlap like
shingles (imbricate). So arranged, the bottom 1s quite
resistent to even exceptional flow forces. Some rock
types (granitics) are less amenable to this packing
Process and never reach the stable state of others 1like
the Belt Series rocks.

1.

Excellent

Excellent: An array of sizes are tightly packed
and wedged with much overlapping which makes it
difficult to dislodge by kicking.

Good: Moderately tight packing of particles with
fast water parts of the cross section protected
2y overlapping rocks. These might be dislodged
by higher than average flow conditions, however,

Fair: Moderately loose without any pattern of
overlapping. MHost elements might be moved by
average high flow conditions.

Poor: Rocks in loose array, moved easily by less
than high flow conditions and move underfoot while
walking across the bottom. The shape of thesge
rocks tends to be predominantly round and sorted
80 that most are of gimilar size,

Side Yiewa of Subsirate
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Under stable conditions,

Bottom Size Distribution apd Percent Stable Materials:

Rocks remaining on a stream's bLottom reflect the geologle
sources within the basin and the flow forces of the past.
Normally, there is an array of sizes that you expect to
sce In any given local. After a little experience, you
begin to "sense" abnormal situations. Generally, in the
mature topography typical of the Northern Region of the
Forest Service and much of the other western Regions as
well, the flow in the small, steep upper stream reaches
is sufficient to wash the soil separates uand some of the
gravels away. What remains is a gravelly, cobbly stream
bottom. 1In the lower reaches where the gradient is less
and flow 1s often slower, deposition of the “fines"
eroded above begin to drop out., The separates of sand,
silt, and some clay begln to cover the coarser elements.
Except where trapped in sc11l water areas, these fines
tend to be in constant motion to ever lower elevations,

o elements of bottom stability are rated in this Item:
(1) Changes or shifts from the natural varlation of com-
ponent size classes and (2) the percentage of all com-
pouents which are judged to be stable materials. Bed-
rock, large boulders, and cobble stones ranging in size
from one to three feet or more in diameter are considered
“stable" elements in the average situation. Obviously,
smaller rocks in emaller channels might also be classed
as stable. The sizes are given only to guide thought.
Bedrock as a4 major component of bottom and banks, no
matter what size the channel or how the other elements
rate, always results in an excellent classiflcation of
that reach.

1. Excellent: There is no noticeable change in size
distributlon. The rock mixture appears to bhe nor-
mal for the kind of geologic sources In the basin
and the flow forces of streams of this slze and
location in the watershed.

If a sliift or change has taken place so there are
greater percentages of large rock in tlie small
streams and smaller sizes in large streams, the
condition class most appropriate should be checked.
It is a matcer of degree as follows:

(Stable Materials 80-100%).

2. Cood: Slight shift in elther direction.
(Stable Materials 50-80%).

3. Fatr: Muderate shifr in stize classes.
(Stable Materials 20-50%).

4. Poor: Marked, u pronounced shifi
(Stable Materials less than 207) .
21
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E. Scouring and/or Deposition: Items of size

and brightness already rated. above should
some conclusions as to the ampunt of scour
deposition that is taking place aléng the ch

1.

T Il‘ﬂl

» ‘angularity
lead you to
ing and/or

Excellent: Neither scouring nurdeposition {s much

in evidence. Up to 52 5f ziiier or a combination

ot both may be present along the length of the
reach; f.e., 0-5 feet {n 100 feet of channel length.
Good; Affected length ranges from 5 to 107

are found mostly at channel constrictions o; w
the gradiént steepens.
backwater areas.

Cuts
here
Deposition {s in pools und
Sediment in pools tends to move
on through so pools change only slightly {n depth
but greacly ln composition of their size classes.

Fair: Moderate changes are occurring. 30 to 502
of the bottom 18 in a state of flux. €utting is
taking place below obstruct/ons, at coustrictions
and on steap grades. Deposits In pools now tend to
££11 the puvol and decreasu their size.

Poor: Both cutting and deposition are common; 507
plus of the bottom is moving not only during high
flow periods but at most scasona of the year,

of Scour
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annel bLoltom.

Aquatic Vegetation: When some measure of stabilization
of the soll-rock components ia achieved,, the channal
bottom becomes fit habitat for plant and animal Life.
This. process begins in. the slack watev areas. and. eventur
ally may include the suift wates portions of the stream
cross section. With a change in volume: of £low and/or
sedimentation rates, there may also be a temporary loss
of the living elements in the aquatic environment. This
last item attempts to assess the one macro-aquatic bio-
mass. indicator found to best express a change in channel
stabiliry.

Clinging Moas and Algae: These lower plant forms do not
have roots but cling to tha substrate. They are low
growing and may firat appear as a green to yellow-green
slick spot on the bottom rocka. Moss. plants continue
with slight variation in color but no great change in

magss form season to season. Algae by contrast have a
peak of growth activity and then die off in great numbers.
The slippery conditions they produce persist after death,
however.,

Both algae and moss inhabit the swift water areas as well
as the quiet pools and backwatar portions of the stream
bottom.

1. Bxcellent: Clinging plants are abundant throughout
the reach from bank to bank. A contlunuous mat of
vegetation is not required but moss and/or algae
are rceadily seen in all directions across the atream.

2. Good: Plants are quite common in the slower portions
of the reach but thin out or are absent in the swift
flowing portions of the stream.

3. Fair: Plants are found but their occurrence is
spotty. They are almost totally absent from rocks
in the swifter portions of the reach and may also
be Absent in some of the slow and atill vater areas.

.. Poor: Clinging plants are rarely faund anywhere in

the reach. (This is an unusuval situacion but could

happen under a combination of adverse environmental
condiriona)

- A e S N
Channels with this much moss are rated “Fxcellent”
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Hanagement luplications

After beating the brush, getting your feet
insects, you have established a serles of channel ratings,

You may now ask, "What do these numbers mean and how are they
used In waking a management decislons",

wet and Fighulog

By now you know this subject s complicated and precludes
indepth answers here, The following brief answers may
satsify you or they may raise more questicns.,  When this
happens, it's time to consult your Forest hydrologist for
detalled, speclfic answers,

The numbers and the adjective ratings they relate to

mean what they say, A stream channel reach that rates
"poor" has a combination of attributes that wil} require
more judicious upstream management of thu'trlbutary
watershed lands than one rated "excellent", Thig rating
procedure was not designed to fix blame for poor land

and water management or to reward good management, although,
in time, 1t could be used for this purpose. Before passing
Judgment, be aware that natural, undistrubed watersheds may
exhibit poor hydologic conditions. Conversely, a highly
developed and used wvatershed may have a drainage network In
good hydologic shape. The rating system will therefore

have the most value to land managers who have definite water

tions, and who are willing and able to use the system to define

the risks they are willing to take to maintain or alter the
status quo.

One use of this rating system 16 to assess conditions and
define impacts along short reaches of Stream. Channel
conditions can be evaluated in terms of Stream stability
and potential for damaging water quality at culvert and
bridge sites, at Campgrounds and administrative sites or
vherever livestock and vildlife concentrate near or across
8 vater course. A channel rated “poor" at a culvert site,
for example, cannot withstand as much constriction or
gradient change as one rated "good". Armed with thls
additional knowledge, the decision could be to change
locations, redesign the intallation or select a different
type of structure to protect the aquatic habltat.

The primary use of this system 18 to assess entire channel
Systems within a watershed and to use the results in
conjunction with other hydrologic analyses to augment
silvicultural prescriptions, Rapid changes in the density
and areal extent of vegetation on a watershed cun increuse
stream discharges. Channel systems rated “excellent"
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than
can withatand these increases with less damage

" "poor' systems can withstand

"
s rated "poor’. ae
ﬂyﬂ:izl changes better than abrupt changes in
gra

discharge regimen.

1)
r a stream system, (
To calculate an overall rating fo e e raring,

B by umeri
siltiply the length of each reach by . atine,
;é§‘i;;,tﬁ; welg;Led products of all reaches in th By

a

d (3) divide by the total length of the systea.
an

For example:

Reach A : 3.2 miles x 80 (fair) : 228
Reach B8 : 0.5 miles x 100 (poor) o
Reach C : 2.0 miles x 40 (good)

86
Total : 5.7 miles 3

- Good
Stream system average: 386 + 5.7 68 (Good)

Land and wvater ﬁhould not be lmnnged on the basis of
averages. In the above example, the stream system is

[1] Dd"
aches vhich rate "go
COIPOSfd zstt:rﬁ:e:: 1ink" has been identified. egezih
-vernsu." ocor" condition. One of the :bvlous u;lscover
Blis innttn 18 to identify "weak links" and to
this ey

wha an opportun exists to correc e condition.
t, if y pport ity ists ¢t L t th
h * ’

tural or man-
f the damaged area is na

. -atte‘;h:LZ;:io:ery of “weak 1links" should reas:::hly
et tream land management to the extent :eceilvez
.lterh:z:e stated land and water management objec .
to ac

k and
The procedures should ultimately s;::en:: :fﬁtz:. -
N .
of management success. .

. mfuz::eincrenent of change within the uat:ri:ethe
mans ement unit will ultimately be expreaset n the
nnn:ttion of the stream channel responding ezk (ew
ﬁgzraulic regimen. Prudent ma?a::rzfut;in:el hese ons

b riodic reapprais ic
tr:nde:azzd {opidverse changes before 1-pait:r::1e
‘nte: rzsourcc become unacceptable and una
wa
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